Ocean reported in the literature.
Different subsets of the observations were objectively mapped to obtain the horizontal distribution 
where dA is the area associated with each grid point. h f w and LFWC were calculated both from the
where subscripts d and g refer to the observational (data) points and the grid points, respectively,
138
< O d > is the mean of O d , calculated as in Owens and Wong (2009) and Bretherton et al. (1976) , ω 139 is the weighting function and I is the identity matrix. The last term is the noise variance,
which is the mean of the squared deviation of each individual point in O d (i) from it's nearest neighbor
141
in O d (ic), in terms of the mapping scales (e.g. Holbrook and Bindoff , 2000) . This term measures the 142 variations between close-by data, which is different to the signal variance that measures the squared 143 deviation of the data from the mean. C dg is the data-grid covariance and C dd the data-data covariance.
144
The interpolation (mapping) uses a Gaussian covariance function containing isotropic horizontal dis-145 tance, D, and barotropic potential vorticity, P V (Davis, 1998):
where xy is the geographic location, f the Coriolis parameter and Z the bathymetric depth, based 147 on the International Bathymetric Chart of the Arctic Ocean (IBCAO, Jakobsson et al., 2008) . The 148 covariance is given by
where the signal variance < s 2 >=
, L represents the Gaussian decorrelation scale
150
(e-folding scale) for D and Φ the scale for P V .
151
To avoid bias in the objective estimate, a reference field is often subtracted from the data before (2003) and Kauker et al. (2003) .
196
In an earlier model version NAOSIM has also been used to study freshwater dynamics of the Arctic
197
Ocean (Karcher et al., 2005; Gerdes et al., 2008; Rabe et al., 2009) . altered by changes in the salinity of advected water or local changes in sea ice melt and formation.
249
We split the differences in h f w between the two time periods into different components:
where
, and the subscript 1 denotes the reference values from 1992−1999.
251
The three terms on the right hand side will be referred to as labeled.
252
The 34 isohaline shallowed slightly in the central and eastern Canada Basin, i.e. the northeastern rising.
263
For a calculation of surface stress induced EP, not only the wind stress but also the effect of 264 internal ice stress has to be taken into account. Here, we make use of the ocean surface stress from 265 the NAOSIM ice-ocean model simulation, which is forced with daily surface winds. Ekman pumping due to changing ocean surface stress and an accumulation of river water and ice melt 304 in the North American Basin have contributed to the observed changes between the two time periods.
305
In large parts of the Eurasian Basin, along the Lomonosov Ridge and in the Makarov Basin,
306
we find that the observed increase in LFW can be mostly attributed to a decrease in the observed
307S
. Here, the simulation indicates no significant or uniform change in net sea ice melt (Figure 5c ). suggesting that also in the central Arctic the observed increases in LFW between the two time periods 319 studied in this paper were caused by high concentrations of river water.
320
In summary, observations and the NAOSIM simulation indicate that the components of the changes Rabe et al.
Assessment of Arctic Ocean freshwater accepted in DSR-I
Eurasian Basin (Figures 4c and d is, therefore, negligible. Overall, the observed LFWC change is primarily due to changes inS. 4. The observed LFW changes were largely due to a freshening of the layer above the 34 isohaline.
366
In the central Arctic, this was most likely due to enhanced advection of river water advected 
B Uncertainty in FWC estimates

429
The sources of error within our LFWC estimate consist of the statistical error associated with the 430 mapping procedure, errors due to sampling gaps in regions of potentially high vertical gradients in 431 salinity and errors due to the accuracy of the measurement devices.
432
The statistical mapping error is given at each grid point g by
than that given by the mapping procedure. One caveat of this comparison is that during CTD 
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